A new pyrano [4,3-c][2]benzopyran-1,6-dione derivative antioxidant, named phelligridin K (1), was isolated from the methanol extract of the fruiting bodies of Fomitiporia ellipsoidea, together with the known compounds, (E)-4-(3,4-dihydroxyphenyl)but-3-en-2-one (2), hispidin (3), inoscavin C (4), and inonoblin B (5). Their structures were elucidated by means of extensive NMR and MS data analysis. Compounds 1, 4 and 5 exhibited significant scavenging activity against the ABTS radical cation.
Secondary metabolites produced by medicinal fungi frequently exhibit a wide variety of structures and interesting biological activities [1a,1b] . Fomitiporia ellipsoidea B.K. Cui & Y.C. Dai (Hymenochaetaceae) is a giant polypore found on Hainan Island in southern China [2a,2b] . Previous chemical investigation of this fungus indicated the presence of ergosterol and its derivatives [3, 4] . Species of Fomitiporia and those of the similar genera Phellinus and Inonotus have been used as traditional medicines for the treatment of gastrointestinal cancer and heart disease [1a] . Wang Ying and Mo Shun Yan reported several cytotoxic and antioxidant compounds with unusual structural features from the fruiting body of Phellinus igniarius, including the pyrano [4,3-c] [2]benzopyran-1,6-dione analogues phelligridins A ,C-E and G, [5a-5c] .
In continuation of our search for antioxidant components from macrofungi, we report the isolation and structure elucidation of another novel pyrano [4,3-c] [2]benzopyran-1,6-dione compound derivative with an unprecedented carbon skeleton (Figure 1), named phelligridin K (1), together with (E)-4-(3,4-dihydroxyphenyl)but-3en-2-one (2), hispidin (3), inoscavin C (4), and inonoblin B (5). In this paper, we present the isolation and structure elucidation of compound 1, as well as the scavenging activities of the isolated compounds against the ABTS radical cation.
Phelligridin K (1), an orange amorphous powder, had a molecular weight of 438, as determined by ESIMS from the ion at m/z 461 [M+Na]+ in positive mode. The UV maxima at 254 and 365 nm were similar to those of known compounds 4 and 5, suggesting that 1 was a styrylpyrone derivative. The 1 H NMR spectrum of 1 showed signals attributable to a 1,3,4-trisubstituted phenyl moiety at δ 6.79 (1H, d, J=8.1Hz), 6.75 (1H, dd, J=8.1, 2.1Hz), and 6.84 (1H, d, J=2.1Hz) . Three uncoupled aromatic protons at δ 6.32 (1H, s), 7.52 (1H, s), and 8.28 (1H, s); a methylene moiety at δ 3.06 (1H, dd, J=17. 6, 8.8Hz), δ 3.16 (1H, dd, J=17.6, 10.4Hz) , and two methine moiety at 3.73 (1H, m), 5.52 (1H, d, J=8.6Hz). The 13 C NMR spectrum of 1 showed signals for 22 carbons (one methylene, eight methine and thirteen quaternary). The 1 H-1 H COSY spectra ( Figure 1 ) showed the following correlations: H2'-H3', H3'-H4', and H9'-H10'. In the HMBC spectrum, the long-range correlations from H-4 to C-3, C-4a, and C-10b; H-7 to C-6, C-8, C-9, and C-10a; H-10 to C-6a, C-8, C-9, C-10a, and C-10b; in combination with the chemical shift of C-1 (δ161.6), demonstrated that 1 contained the basic structural unit 8,9-dihydroxy-1H,6H-pyrano [4,3-c] [2]benzopyran-1,6-dione, identical to that of phelligridins A, C-E, and G [5a,5c] . Meanwhile, there were key HMBC correlations from H-4 to C-3'; H-2' to C-3, C-1', C-3', C-4'; H-3' to C-3, C-4, C-2', C-4', and C-5'; H-4' to C-3', C-3, C-5', C-6', C-10', in combination with the chemical shift of C-1' (δ 176.8). The 1 H NMR [H-2' (3' and 4')] and 1 H-1 H COSY spectra of H2'-H3', H3'-H4', demonstrated that 1 contained a furan moiety bonded through C-3' to C-3 of the basic structural unit. Furthermore, the HMBC correlations from H-6' to C-4', C-8', and C-10'; H-9' to C-5', C-7', and C-10'; H-10' to C-4', C-6', and C-8'; as well as the 1 H NMR spectrum of 1 showed signals attributable to a 1,3,4-trisubstituted phenyl moiety, which demonstrated that 1 contained a dihydroxyphenyl moiety bonded through C-5' to C-4' of the furan one. Together with the relative molecular mass (438)， the structure of 1 was unambiguously established as 8,9-dihydroxy-[4'-(7',8'-dihydroxyphenyl)furanone]-1H,6H-pyrano [4,3-c] [2]-benzopyran-1,6-dione, and named phelligridin K.
Compounds 2-5 were identified as (E)-4-(3,4-dihydroxyphenyl)but-3-en-2-one, hispidin, inoscavin C, and inonoblin B, respectively, on the basis of their NMR spectral data and comparison with those published previously [1a,5d-5f] . The antioxidant activities of compounds 1, 4 and 5 were measured by the Trolox equivalent antioxidant capacity (TEAC) assay according to the manufacturer's instructions (Beyotime Institute of Biotechnology, China). The TEAC value was calculated on the basis of the ability of the compounds to scavenge the blue-green ABTS+ radical cation [2,2-azinobis(3-ethylbenzthiazoline-6sulfonate)] relative to the scavenging ability of the water-soluble vitamin E analogue, Trolox. Compounds 2 and 3 had been reported to exhibit free radical scavenging activities [1a,6a,b] , and so 2 and 3 were not measured for their antioxidant capacity in our experiment. Compounds 1, 4 and 5 potently scavenged the ABTS radical cation; compound 1 showed the highest activity at the level of 3.56 mM Trolox; the values for compounds 4 and 5 were 2.82 and 2.04 mM Trolox, respectively.
In recent years, the safety of synthetic food additives has received increasing attention, including the commonly used synthetic antioxidants butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT). Hence, natural alternatives as food antioxidants are needed. Phelligridins are mainly fungal metabolites possessing the unique basic structural unit 8,9-dihydroxy-1H,6Hpyrano [4,3-c] [2]-benzopyran-1,6-dione, which display significant antioxidant activity [5a-5c] . In this note, we report the isolation of phelligridin K and other styrylpyrone derivatives from F. ellipsoidea, which showed potent ABTS radical cation scavaging ability. Especially, the activity of phelligridin K (3.6) was similar to that of quercetin (3.0) and orange juice (2.2). So, phelligridin K has great potential to be developed into a natural food antioxidant. 
Extraction and compound isolation:
The ground fruiting bodies of Fomitiporia ellipsoidea (1200 g) were extracted with MeOH at room temperature for 5×12 h. After the solvent was removed under reduced pressure at 35 o C, a dark brown extract was obtained. This was suspended in water and then partitioned with light petroleum, EtOAc, and n-BuOH, successively. The EtOAc fraction was separated by CC on silica gel eluting with a gradient of increasing MeOH (0-20%) in CH 2 Cl 2 to give 8 fractions (Fr.1~8). Fraction 4 was chromatographed on silica gel eluting with cyclohexane: EtOAc (5:1), and further purified by Sephadex LH-20 eluted with CH 2 Cl 2 : MeOH (6:4) to afford compound 2 (0.023 g). Fraction 5 was further separated via Sephadex LH-20 eluted with CH 2 Cl 2 : MeOH (4:6) to give 6 fractions (Fr.5-1~ Fr.5-6). Fr.5-3 was chromatographed on silica gel eluting with CH 2 Cl 2 : MeOH (9:1), and further purified by recrystallization to afford compound 3 (0.043 g). Fr.5-4 was chromatographed over Sephadex LH-20 eluted with MeOH, and further purified by preparative HPLC to afford compounds 1 (0.012g) and 4 (0.016g). Fr.5-6 was directly subjected to preparative HPLC to afford compound 5 (0.017 g). 
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